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CIRCUIT AND METHOD FOR ADDING 
DTHER TOVERTICAL DROOP 
COMPENSATION USING LINEAR 
FEEDBACK SHIFT REGISTERS 

BACKGROUND OF THE INVENTION 

The present invention relates to video processing and more 
specifically to compensating for vertical droop in a video 
frame using a Linear Feedback Shift Register circuit without 
the need for using line memories. 

Referring now to FIG. 1 a frame 102 of a video image is 
shown that is, for example 1600 pixelsx1280 lines. Each line 
can include one to two thousands of pixels. The number of 
lines in a frame can also be one to two thousands. Ideally, for 
a uniform image value of 200, every pixel should have a value 
of 200. Due to offsets and mismatches in a given design, there 
will be droops both horizontally and vertically. As shown 
above, the vertical droop is one less for each of the sections A 
through D from top to bottom. The vertical droop can be 
compensated by adding offsets to each of the pixels. For 
example, pixels in Zone B will have an added value of one, 
pixels in Zone C will have an added value of two, and pixels in 
Zone D will have an added value of three. 

Referring now to FIG. 2 another typical frame 202 of a 
Video image is shown. Another example of Vertical droop 
compensation is shown for frame 202. As before, a pixel value 
is added to compensate for Vertical droop in a given design. In 
the example of FIG. 2, an offset often is added in section A, 
an offset of eleven is added in section B, an offset of twelve is 
added insection C, and an offset of thirteen is added insection 
D. 

With respect to the video frames shown in FIGS. 1 and 2, it 
is important to note that there will be vertical line artifacts due 
to this vertical droop compensation. Hence, dither has to be 
introduced to blur out these transitions from one section to 
another. It is also important to note that, for dither to be 
effective, the dither should be introduced over a few lines 
(maybe more than ten lines). A very blunt way to implement 
this dither is to have ten line memories to remember which 
pixels have been compensated. For each line, each pixel is 
compensated randomly. Finally all the pixels in the row are 
compensated after 10 lines. 
A prior art circuit 300 for vertical dithering with line 

memories is shown in FIG. 3. Circuit 300 includes an LFSR 
302 for generating a random sequence signal RND SEQ. A 
plurality of line memories 304A, 304B, 304C, 304D, and 
304E receives the RND SEQ signal and a plurality of read/ 
write signals WR1, WR2, WR3, WR4, and WR5. Each line 
memory generates an output sequence signal corresponding 
to signals SEQ1, SEQ2, SEQ3, SEQ4, and SEQ5 in FIG. 3. 
Each output sequence signal is gated with a corresponding 
AND gate 306A, 306B, 306C, 306D, or 306E. The gating 
signals for the AND gates are EN1, EN2, EN3, EN4, and 
EN5. The output of all of the AND gates is received by OR 
gate 308 to provide the CONTROL output signal. 

In operation, the line memories are used to store one bit for 
each of the pixel to control whether to add an offset or not. 
While writing to line memory 304A (Line Memory 1), the 
RND SEQ is also sent out as CONTROL as an offset control 
for the pixels. While writing to line memory 304B (Line 
Memory 2), the SEQ1 and RND SEQ signals are also 
enabled to control the offset compensation. Similarly, while 
writing to line memory 304C (Line Memory 3), the SEQ1, 
SEQ2 and RND SEQ signals are all enabled to control the 
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2 
offset compensation. This process is repeated for all line 
memories shown. While five line memories are shown, any 
number can be used. 

While the circuit shown in FIG.3, is effective for address 
ing for providing the required dithering, it uses line memo 
ries. These line memories can be large, which increases die 
size and cost. 
What is desired is a dithering circuit for use in vertical 

droop compensation that eliminates the need for large line 
memories, reducing chip size and cost, and thereby increas 
ing profit margins. 

SUMMARY OF THE INVENTION 

According to the present invention, a vertical dithering 
circuit includes a signature reload input, a plurality of Linear 
Feedback Shift Registers (LFSRs) each having an input 
coupled to the signature reload input and an output for pro 
viding a sequenced output signal, a first logic circuit having a 
plurality of inputs coupled to the outputs of the plurality of 
LFSRs, and a plurality of outputs, and a second logic circuit 
having a plurality of inputs coupled to the outputs of the first 
logic circuit, and an output for providing a control signal. 
Each LFSR includes a signature store that can include a 
plurality of flip-flops. The first logic circuit includes a plural 
ity of AND gates having a plurality of inputs for receiving a 
plurality of enable signals. The second logic circuit includes 
an OR gate. Each of the LFSRs comprises a shift register and 
a plurality of XOR gates. 

Another embodiment of the vertical dithering circuit 
includes a signature reload input, a single Linear Feedback 
Shift Register (LFSR) having an input coupled to the signa 
ture reload input and a plurality of outputs for providing a 
corresponding plurality of sequenced output signals, a first 
logic circuit having a plurality of inputs coupled to the plu 
rality of outputs of the LFSR, and a plurality of outputs, and 
a second logic circuit having a plurality of inputs coupled to 
the outputs of the first logic circuit, and an output for provid 
ing a control signal. In this embodiment, the plurality of 
sequenced output signals are provided by a plurality of logi 
cally combined taps of the LFSR. 

In operation, a vertical dithering method according to the 
present invention includes providing a signature reload sig 
nal, providing a plurality of pseudo-random sequences in 
response to the signature reload signal, gating the pseudo 
random sequences using a plurality of enable signals, and 
logically combining the gated pseudo-random sequences to 
generate a control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the descrip 
tion serve to explain the principles of the invention. 

In the drawings: 
FIG. 1 is a frame of an image showing vertical droop 

according to the prior art; 
FIG. 2 is a frame of an image showing the desired vertical 

droop compensation according to the prior art; 
FIG. 3 is a schematic diagram of a prior art vertical dith 

ering circuit using line memories; 
FIG. 4 is an expanded view of a frame of an image showing 

added dither for vertical droop compensation using LFSRs 
according to the present invention; 

FIG. 5 is a schematic and state diagram of a 4-bit LFSR; 
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FIG. 6 is a schematic diagram of a 16-bit LFSR; 
FIG. 7 is a schematic diagram of a first embodiment of a 

Vertical dithering circuit according to the present invention 
using multiple LFSRs: 

FIG. 8 is a schematic diagram of a second embodiment of 5 
a vertical dithering circuit according to the present invention; 

FIG. 9 is a schematic diagram of a circuit for generating 
sequential signals using multiple taps of a single LFSR 
according to the present invention; 

FIG. 10 is a timing diagram associated with the circuits of 
FIG. 7 and FIG. 8: 

FIG.11 is a schematic diagram showing further detail of an 
LFSR store according to the present invention; and 

FIG. 12 is a schematic diagram of a control circuit accord 
ing to the present invention. 

10 

15 

DETAILED DESCRIPTION 

Referring now to FIG. 4, an expanded view of sections A 
and B of a video image frame is shown. The method of adding 
dither using an LFSR is explained with reference to FIG. 4. 
Upon power up, all Linear Feedback Shift Registers (LFSRs) 
will start running randomly from its seed value with every 
pixel clock. At the beginning of line 1, the value of LFSR1 
will be remembered. Along line 1, when the shifting out bit of 
LFSR1 is a one, the droop compensation for that pixel will be 
added with a count of 11. When the shifting out bit of LFSR1 
is a zero, the droop compensation for that pixel will be added 
with a count of 10. As shown in FIG. 4, a dot represents that 
particular pixel is being compensated with a count of 11. At 
the beginning of line 2, the previous registered LFSR1 value 
is reloaded into the LFSR1. Again, the current value of 
LFSR2 is registered. Similarly, any bit shifted out of LFSR1 
and LFSR2 as a one will add a droop compensation of 11 to 
the current pixel. Hence, the dots for the line 2 is the cumu 
lative effect of the LFSR1 and LFSR2. Notice that more 
pixels will be compensated with the value of 11. At the begin 
ning of line 3, the previous registered values of LFSR1 and 
LFSR2 are loaded accordingly. Simultaneously, the current 
value of LFSR3 is registered. Similarly, any bit shifted out of 
LFSR1, LFSR2 and LFSR3 as a one will add a droop com 
pensation of 11 to the current pixel. Hence, more dots are 
added randomly to line 3. Finally, at line 10, all pixels will be 
added with a droop compensation of 11. The LFSR1 through 45 
LFSR10 sequences can be generated using a plurality of 
LFSRs as explained in further detail below. However, the 
LFSR1 through LFSR10 sequences can also be generated 
from a single LFSR but derived from different tappings of the 
LFSR using various “ANDING” and “ORING” functions. It 50 
is important to note that the method described with respect to 
FIG. 4 is implemented without the use of large line memories. 
Two embodiments for implementing the method shown in 
FIG. 4 are thus described in further detail below. 

Referring now to FIG. 5, a state diagram and a schematic of 55 
a four-bit LFSR is shown. The four-bit LFSR comprises a four 
bit shift register and a feedback XOR gate as shown. The 
XOR gate provides feedback to the register that shifts bits 
from left to right. The maximal sequence includes every 
possible state in the state diagram except for the “0000 state. 60 

Referring now to FIG. 6, a sixteen-bit LFSR is shown 
having a sixteen-bit register and three feedback XOR gates. 
The bit positions that affect the next state are called the taps. 
In FIG. 6, the taps are taken at the 16, 14, 13, and 11 bits of the 
register. The rightmost bit (16) of the LFSR is called the 65 
output bit. The taps are XOR'd sequentially with the output 
bit and then fed back into the leftmost bit. The sequence of 
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4 
bits in the rightmost position is called the output stream. The 
characteristic polynomial for the 16-bit LFR is: x 16+x 14+ 
x 13+x 11+1. 

Based on bench observations, good dithering is obtained 
when dithering depth is about 20. A practical dithering depth 
greater than 20 can be, for example, 32. To achieve a uniform 
distribution of dithering across a depth of 32 lines, the bit 
width for the LFSR should be a number close to 32. Hence, 
for the present invention, the bit width of the LFSR is selected 
to be 28. However, for evaluation purposes, the dithering 
depth can be changed to 8 or 16 or 32. The design of a 28 bit 
LFSR is known to those skilled in the art. All of the bits of the 
LFSR need to be stored. Hence, 28 D-latch flip-flops are 
needed and are described and shown in further detail below. 
The output stream can be used to decide whether to add or 

not the offset to compensate for the vertical droop for the pixel 
on the current line. For example, when the output stream is a 
one, add offset and when it is a zero, do not add offset. For the 
next line, the output stream will be different and different 
pixels will be added with the droop compensation offset. 
Hence, dithering is introduced in the addition to droop com 
pensation of the pixels. If five lines are chosen to finish the 
dithering process, more pixels on the line will gradually be 
compensated with the droop offset, as was shown in FIG. 4. 
For dithering to be performed correctly, the positions of the 
pixel being compensated must be remembered for all of the 
lines in the frame until the dithering is completed. 

Referring to FIG. 7, a first embodiment of a vertical dith 
ering circuit 700 according to the present invention includes 
comprising a signature reload input for receiving the SIGNA 
TURE RELOAD signal, a plurality Linear Feedback Shift 
Registers (LFSRs) 702A, 702B, 702C,702D, and 702E each 
having an input coupled to the signature reload input and an 
output for providing a sequenced output signal. The 
sequenced output signals are the SEQ1, SEQ2, SEQ3, SEQ4. 
and SEQ5 signals. A first logic circuit includes a plurality of 
AND gates 704A, 704B, 704C, 704D, and 704E having a 
corresponding plurality of inputs coupled to the outputs of the 
plurality of LFSRs. A second logic circuit, OR gate 706, has 
a plurality of inputs coupled to the outputs of the first logic 
circuit, and an output for providing a control signal. Each 
LFSR comprises a signature store, that can comprise a plu 
rality offlip-flops. In the present invention, twenty-eight Such 
flip-flops are used, but any number can be used. The first logic 
circuit comprises a plurality of inputs for receiving a plurality 
of enable signals EN1, EN2, EN3, EN4, and EN5 for gating 
the sequences provided by the LFSRs. As previously 
described, each of the LFSRs comprises a shift register and a 
plurality of XOR gates. With respect to FIG. 7, it is important 
to note that the line memories were replaced by five LFSRs 
702A-702E. 

In operation, at the beginning of the lines for dithering, the 
signature of all LFSRs are remembered. During the line 1 
period, the signature for LFSR1 is remembered at the begin 
ning of the line and the SEQ1 signal is used to control the 
offset compensation. During the line 2 period, the signature 
for LFSR2 is remembered at the beginning of the line, the 
signature for LFSR1 is reloaded and both the SEQ1 and SEQ2 
signals are used to control the offset compensation. During 
the line 3 period, the signature for LFSR3 is remembered, and 
the signatures for LFSR1 and LFSR2 are respectively 
reloaded. The SEQ1, SEQ2 and SEQ3 signals are used to 
control the offset compensation. This process is repeated until 
the dithering process is complete. 

Referring now to FIG. 8 a second circuit embodiment of a 
vertical dithering circuit 800 according to the present inven 
tion includes a signature reload input for receiving the SIG 
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NATURE RELOAD signal, a single Linear Feedback Shift 
Register (LFSR) 802 having an input coupled to the signature 
reload input and a plurality of outputs for providing a corre 
sponding plurality of sequenced output signals SEQ1, SEQ2. 
SEQ3, SEQ4, and SEQ5. The first logic circuit including 
AND gates 804A, 804B, 804C, 804D, and 804E, as well as 
enable signals EN1, EN2, EN3, EN4, and EN5, and the sec 
ond logic circuit including OR gate 806, as well as the CON 
TROL output signal is substantially as shown with respect to 
FIG. 7. The LFSR 802 also includes a signature store as 
shown, which can be implemented for example by a plurality 
of one-bit flip-flops. One key difference between the embodi 
ment shown in FIG. 8 and that shown in FIG. 7 is that the 
plurality of sequenced output signals SEQ1 through SEQ5 
are provided by a plurality of logically combined taps of the 
LFSR, and not by separate LFSRs as shown in FIG. 7. The 
five LFSRs of FIG. 7 are replaced with one single LFSR in 
FIG.8. The different random sequences are derived from the 
different taps of the LFSR or a combination of ANDING or 
ORING of the taps. 

In operation, during the dithering period, the signature is 
remembered at the beginning of the first line and reloaded at 
the beginning of the Subsequence line. Note that the positions 
of a pixel being compensated are folded in the LFSR without 
the need for huge line memories. 

With respect to the signature stores shown in FIGS. 7 and 
8, it is important to note that the starting signature for each of 
the LFSRs is remembered with separate 28 bits flip-flops each 
(for a 28 bits LFSR). As the process is continued for each of 
the lines, the signature of each LFSRs changes with the each 
clock to unfold the pseudo-random pattern. If the process is 
started each time with the same signature, the LFSR will 
generate the same pseudo-random pattern. Hence, the LFSR 
is able to remember the pseudo-random sequence with just 28 
bits. The signature is reloaded from the remembered signa 
ture for each of the LFSRs in the 28 bits flip-flops (a set of 28 
bits flip-flop for each of the LFSR). 
An example of a single LFSR 802 for use in the circuit of 

FIG. 8 is shown in FIG. 9. Note that OUT1 and OUT2 are 
combined in AND gate 902 to generate the SEQ1 signal, 
OUT5 and OUT4 are combined in AND gate 904 to generate 
the SEQ2 signal, OUT5 and OUT6 are combined in AND 
gate 906 to generate the SEQ3 signal, OUT8 and OUT9 are 
combined in AND gate 908 to generate the SEQ4 signal, and 
OUT1 and OUT7 are combined in OR gate 910 to generate 
the SEQ5 signal. The LFSR circuit shown in FIG. 9 is only 
one example, and many other logical combinations can be 
used as desired for a particular application. 

Referring now to FIG. 10, a timing diagram is shown for 
the circuits of FIGS. 7 and 8. Assuming that there are five lines 
for dithering. The signature reload occurs at the beginning of 
each line. Signal EN1 is enabled from the start of first line to 
the fifth line. Signal EN2 is enabled from the start of second 
line to the fifth line and signal EN3 is enabled from the start of 
third line to the fifth line. This process is repeated for each 
enable signal (EN1 through EN5). Hence, the SEQ1 signal is 
available from first line to the fifth line and the SEQ2 signal is 
available from second line to the fifth line. This process is 
repeated for each of the sequence signals SEQ1 through 
SEQ5 as shown. 

Referring now to FIG. 11, the schematic diagram shows the 
design for an LFSR and LFSR store 1100 according to the 
present invention. An LFSR 1102 is shown to have outputs 
B1, B2, ... B16. The outputs are coupled to LFSR store 1110. 
The LFSR store 1110 receives a SAVE input signal, as well as 
the outputs from the LFSR 1102. The first input of AND gate 
1104 receives the B1 output signal and the second input of 
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AND gate 1104 receives the SAVE signal. The output of AND 
gate 1104 is coupled to the input of flip-flop DFF1. The first 
input of AND gate 1106 receives the B2 output signal and the 
second input of AND gate 1106 receives the SAVE signal. 
The output of AND gate 1106 is coupled to the input of 
flip-flop DFF2. The intermediate bits are not shown in FIG. 
11. Finally, The first input of AND gate 1108 receives the B16 
output signal and the second input of AND gate 1108 receives 
the SAVE signal. The outputs of the flip-flops are also not 
shown in FIG. 11. 

Referring now to FIG. 12, a control circuit 1200 is shown 
according to the present invention. The control circuit 1200 
receives the OFFSET, CONTROL, and PIXEL IN signals, 
and generates a PIXEL OUT signal according to the present 
invention. In one embodiment, a multiplexer 1204 is con 
trolled by the CONTROL signal to pass either the OFFSET 
signal, or the OFFSET signal with an added value of one 
(NEW OFFSET) using adder 1202. The output of multi 
plexer 1204 is summed together with the PIXEL IN signal 
using adder 1206 to generate the PIXEL OUT signal accord 
ing to the present invention. Other methods for using the 
control signal may also be used. 

In conclusion, a vertical dithering method includes provid 
ing a signature reload signal, providing a plurality of pseudo 
random sequences in response to the signature reload signal, 
gating the pseudo-random sequences, and logically combin 
ing the gated pseudo-random sequences to generate a control 
signal. The pseudo-random sequences are provided by one or 
more Linear Feedback Shift Registers (LFSRs) each includ 
ing a signature store implemented by a plurality of flip-flops. 
The plurality of pseudo-random sequences are gated using a 
plurality of enable signals. The LFSR comprises a shift reg 
ister and a plurality of XOR gates. The LFSR can include a 
number of taps that are logically combined to create a plural 
ity of pseudo-random sequences. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the present 
invention without departing from the spirit or scope of the 
invention. As would be apparent to those skilled in the art, 
equivalent embodiments of the present invention can be real 
ized in firmware, Software, or hardware, or any possible com 
bination thereof. In addition, although representative block 
diagrams are shown for an aid in understanding the invention, 
the exact boundaries of the blocks may be changed and com 
bined or separated out as desired for a particular application 
or implementation. Thus, it is intended that the present inven 
tion cover the modifications and variations of this invention 
provided they come within the scope of the appended claims 
and their equivalents. 
We claim: 
1. A vertical dithering circuit for dithering N lines com 

prising: 
a signature reload input; 
a plurality Linear Feedback Shift Registers (LFSRs) each 

having an input coupled to the signature reload input and 
an output for providing a sequenced output signal; 

a first logic circuit having a plurality of inputs coupled to 
the outputs of the plurality of LFSRs, and a plurality of 
outputs; and 

a second logic circuit having a plurality of inputs coupled 
to the outputs of the first logic circuit, and an output for 
providing a control signal, 

wherein the first logic circuit includes portions that are 
selectively enabled corresponding to the number of lines 
from 1 to N, wherein N is an integer greater than 1. 

2. The vertical dithering circuit of claim 1 wherein each 
LFSR comprises a signature store. 
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3. The vertical dithering circuit of claim 2 wherein each 
signature store comprises a plurality of flip-flops. 

4. The vertical dithering circuit of claim 1 wherein the first 
logic circuit comprises a plurality of inputs for receiving a 
plurality of enable signals. 

5. The vertical dithering circuit of claim 1 wherein the first 
logic circuit comprises a plurality of AND gates. 

6. The vertical dithering circuit of claim 1 wherein the 
second logic circuit comprises an OR gate. 

7. The vertical dithering circuit of claim 1 wherein each of 
the LFSRs comprises a shift register and a plurality of XOR 
gates. 

8. A vertical dithering method for dithering N lines com 
prising: 

providing a signature reload signal; 
providing a plurality of pseudo-random sequences in 

response to the signature reload signal; 
gating the pseudo-random sequences corresponding to the 
number of lines from 1 to N, wherein N is an integer 
greater than 1; and 
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logically combining the gated pseudo-random sequences 

to generate a control signal; wherein the pseudo-random 
sequences are provided by a plurality of Linear Feed 
back Shift Registers (LFSRs). 

9. The vertical dithering method of claim 8 wherein each of 
the plurality of LFSR comprises a signature store. 

10. The vertical dithering method of claim 9 wherein each 
signature store comprises a plurality of flip-flops. 

11. The vertical dithering method of claim8 wherein gating 
the plurality of pseudo-random sequences comprises using a 
plurality of enable signals. 

12. The vertical dithering method of claim 8 wherein the 
LFSR comprises a shift register and a plurality of XOR gates. 

13. The vertical dithering circuit of claim 1 wherein the 
plurality of sequenced output signals are provided by a plu 
rality of logically combined taps of the LFSR. 


